Efferocytosis in atherosclerotic lesions: Malfunctioning regulatory pathways and control mechanisms.
Atherosclerosis is a dynamic and progressive inflammatory process in the intimal layer of large and medium-sized arteries, and it is the major contributor to the atherosclerotic cardiovascular disease (ACVD), the leading cause of death worldwide. In an atherosclerotic plaque, phagocytosis of apoptotic cells occurs through an intricate process designated efferocytosis. Defective efferocytosis has emerged as a causal factor in the etiopathogenesis of atherosclerosis and its progression into overt ACVD. Both specialized phagocytes (macrophages and dendritic cells) and non-specialized cells with phagocytic capabilities (smooth muscle and endothelial cells) are involved in the efferocytotic process. Moreover, several signaling and regulatory molecules are involved in the different steps of efferocytosis, and they include "Find-Me" signals (lysophosphatidylcholine), "Eat-Me" signals [phosphatidylserine, Mer tyrosine kinase (MerTK), and milk fat globule-EGF factor 8], and "Don't Eat-Me" signals [cluster of differentiation 47 (CD47)]. Regulation of efferocytosis is in a close nexus with inflammation, the key component in atherosclerosis. The predominance of pro-inflammatory and anti-inflammatory molecules plays a crucial role in lesion progression and regression, respectively. Polarization of macrophages towards the M1 phenotype causes them to secrete proinflammatory cytokines, while polarization towards the M2 phenotype causes them to secrete of anti-inflammatory cytokines, including interleukin-10 and transforming growth factor β, so tending to shift the balance towards resolution of the inflammation. Dysfunction of any regulatory signal may cause expansion of the necrotic core of an atherosclerotic plaque with ensuing conversion of the plaque into an unstable plaque with an increased susceptibility to rupture and to atherothrombotic complication. In this review we aim at elucidating the determinant factors and pathways of efferocytosis which can be considered as potential novel targets when striving to develop more personalized and efficient treatment regimens for patients with ACVD.